The mechanism of the enhancement by Yaba virus (YV) of poliovirus plaque formation was studied. Poliovirus adsorbed equally well to both YV-infected and normal JINET cells. Infectious RNA of poliovirus was also enhanced in YVinfected cells, thus indicating the step or sequence of steps of poliovirus growth cycle enhanced by YV may be those subsequent to poliovirus uncoating. One-step growth experiments revealed that the final yield and the release of progeny poliovirus were enhanced in YV-infected cells. This may account for the enhancement of the plaque size of poliovirus. The enhancement of the plaque number of the superinfecting virus by YV appeared to result from the interaction between a single YV-infected cell and a single infecting polio virus genome which failed to express its function under ordinary conditions. This enhancement may be brought about by the disturbance by YV of a host cellular defence mechanism other than that mediated by interferon.
INTRODUCTION
In the preceding paper (Tsuchiya & Tagaya, I972 ) the general characteristics of the enhancement of poliovirus plaques by Yaba virus (YV) were reported. We now present the results of studies on the mechanism of this phenomenon.
METHODS
Materials and methods were generally as described in previous papers (Tsuchiya & Tagaya, I97O; Tsuchiya & Tagaya, 1972 ). We will describe departures when necessary.
RESULTS

Adsorption of poliovirus to YV-infected and normal cell cultures
Replicate 2 oz. prescription bottle cultures of YV-infected and normal JINET cells were inoculated with about 50 p.f.u, of SAUKETT virus in 0.2 ml. amounts of maintenance medium. As SAUKETT virus produces about 40 times more numerous plaques in YV-infected than in uninfected cell cultures (Tsuchiya & Tagaya, I97O) , the inoculum used for the former cultures was diluted 40 times more than that for the latter to adjust the effective p.f.u. After incubation at 36 ° for various periods, portions of inoculated cultures were washed 3 times with phosphate buffered saline (PBS) and overlaid with an agar medium. The plaques were After incubation at 36 ° for 3 days, o.2 ml. amounts of appropriately diluted SAU~ZETT virus were inoculated into YV-infected and uninfected cultures and incubated again at 36 ° for various times. The cultures were washed 3 times with phosphate buffered saline and overlaid with an agar medium. Plaques were counted 5 days after inoculation. The number of adsorbed p.f.u, at I 2o rain. was taken as IOO%.
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counted 5 days after inoculation with the superinfecting virus. The results summarized in Fig. I show that the adsorption of poliovirus proceded at about the same rate in both cell systems.
Plaquing efficiency of poliovirus infectious RNA in YV-infected and normal cell cultures
Infectious RNA of poliovirus was assayed in YV pre-infected and uninfected cultures by plaque counting in the presence of DEAE-dextran (Vaheri & Pagano, I965) . As shown in Table ~ , the plaquing efficiency of infectious RNA was enhanced in YV-infected cultures to the same extent as for intact virus, suggesting that the steps of adsorption, penetration and uncoating of poliovirus were not involved in enhancement.
Effect of YV on one-ste p growth of poliovirus
SAtJI(ETT virus was inoculated into replicate cultures of YV-infected and normal cultures at a multiplicity of r7"5 p.f.u./cell. The inoculated cultures were washed 3 times with PBS z hr after inoculation, and incubated at 36° with fresh maintenance medium. At intervals the Cells YV-infected Normal cultures were harvested, and free and cell-associated virus were assayed separately in normal cell cultures. The growth rate ofpoliovirus was almost the same ( Fig. 2 ) in both YV-infected and normal cultures, although in the former the final yield of poliovirus was 6 times higher and the release of newly synthesized virus was I hr earlier.
Failure to isolate a poliovirus mutant which can multiply only in the presence of YV
The result obtained with infectious RNA of poliovirus suggested that enhancement is an intracellular event subsequent to poliovirus uncoating. In other words, the function coded for by the infecting poliovirus genome may be enhanced or rescued in YV-infected cells. We therefore attempted to isolate a mutant of poliovirus able to multiply only in the presence of YV. SAUKETT virus was subjected to three successive terminal dilution purifications in YV infected cells. At each purification step, the harvested timiting dilution was assayed both in YV-infected and uninfected cultures. As shown in Table z , poliovirus purified 3 times in YV-infected cells still produced plaques in both assay systems. In addition, the degree of enhancement by YV was relatively constant at 3~'6 to 41"7 at each purification step.
Infectious centre assay
An appropriately diluted SAUKETa" virus was inoculated into 2 oz. prescription bottle cultures of YV-infected and normal cell cultures. The inoculated cultures were incubated at 360 for 3o rain., after which they were washed 5 times with warmed medium and covered with fresh maintenance medium containing 2o units/m1, of type 3 poliovirus antiserum to neutralize unadsorbed virus. After 3o rain. at 36 ° the cultures were removed from the glass surfaces by an EDTA-trypsin mixture and collected by light centrifugation. Monodisperse cells were appropriately diluted with the maintenance medium and o.2 ml. amounts of each cell suspension were inoculated into replicate YV-infected and normal cultures. The inoculated cell suspensions were allowed to adsorb on to cell monolayers for 2 hr at 36 ° and the agar overlay medium was then added to the cultures. Free cells were few at the time of overlaying. The results shown in Table 3 indicate that the number of infectious centres depended on the cell type used for preparation of infectious centres and not on the cell type used for their assay, suggesting that the enhancement of poliovirus plaque number is a result of the interaction between single infecting poliovirus particle and its recipient single YV-infected cell. 
Effect of YV on the production and action of interferon in JINET cells
The following experiments were made to elucidate the role of interferon in enhancement. The YV-infected and normal cultures were inoculated with SAUKETT virus (17-5 p.f.u./cell) and the NAKAYAMA strain of Japanese encephalitis virus (JEV) (16 p.f.u./cell) and incubated at 360 for 24 hr (SAUKETT) or 48 hr (JEV). The harvested cultures were frozen and thawed 3 times and centrifuged at 3too rev./min, for It rain. The supernatant fluids were heated at 560 for 3o rain. and assayed for interferon in normal JINET cells with SAUKETT virus as challenge. Interferon activity was expressed as reciprocal of the highest dilution of the test sample which reduced plaque formation by the challenge virus by 5o ~. As shown in Table  4 , normal cell cultures produced interferon upon infection with JEV but YV-infected cultures failed to do so. SAOKETT virus did not induce interferon production either in YVinfected or in normal cell cultures.
Monkey leucocyte interferon induced by NDV was then assayed comparatively in YVinfected and normal cell cultures. The interferon activity in normal cells was I I9O while that in YV-infected cells was < IO.
In the previous paper we reported that the extent of enhancement depended greatly on the type or strain of the super infecting virus (Tsuchiya & Tagaya, 197o) . To test the presence or absence of any relationship between the extent of enhancement and the degree of sensitivity to interferon of each super-infecting virus, monkey interferon was assayed in JINET cells against several super-infecting viruses (Table 5 ). The activity of the interferon preparation assayed with SAUKETT virus and ECHO-7 were almost identical, although the enhancement of plaque number by YV was about 6 times greater with SAUKETT virus than with ECHO-7. Similarly, enhancement with SAUKET~r virus was x 27"5 and x 14"7 greater than that with SV 28 or vesicular stomatitis virus (NEW JERSEY strain), respectively. The sensitivity to interferon Of SAUKETT virus was higher by only x 3"8 and x 4"4 than that of SV28 and vesicular stomatitis virus, respectively. I "6 330 Vesicular stomatitis 3"0 280
• From Table I of Tsuchiya & Tagaya (I97O) . t The reciprocal of interferon dilution which induced 50 % reduction of plaque number of challenge virus in normal JINET cell cultures.
DISCUSSION
The mechanism of the enhancement of the plaque number of poliovirus by YV may be the rescue of poliovirus genomes which cannot normally express their function in JINET cells. This is supported by the observation that enhancement is a result of the interaction between a single recipient YV-infected cell and a single infecting poliovirus particle (Table 3) , and that the naked poliovirus genome is enhanced in YV-infected cultures (Table 1) . For Sindbis virus, the enhancement of plaque formation is not a result of the interaction between a single infecting virus and a single cell (Tsuchiya & Tagaya, 1972) , but the proportion of the cells infected with YV in a monolayer is important for recognition of infectious centres as plaques. We failed to isolate a poliovirus mutant able to replicate only in the presence of YV. The SAUKETT virus stocks prepared either in YV-infected or uninfected cell cultures always contained a constant proportion of the enhanceable fraction.
The enhancement of plaque number of poliovirus by YV cannot be caused by the improved susceptibility of a sub-population of JINET cells since almost all cells are destroyed within I day when infected with a sufficient amount of poliovirus. Also, SAUKETT virus in normal JINET cultures produces clear plaques whose formation should require a rather uniform sensitivity of cells in the plaque area. It is unlikely therefore that the JINET cell population has 3o to 4o times more refractory than sensitive cells.
Although the inhibition of production and action of interferon by YV may be responsible for the enhancing effect of YV on some super-infecting viruses, this may not explain all mechanisms of enhancement. SAUKETX virus, which could not induce interferon in JINET cells, was greatly enhanced in YV-infected cultures. Moreover, the extent of enhancement did not parallel the interferon sensitivity of the super-infecting virus (Table 5) . We assume that the mechanism of the enhancement of poliovirus by YV may be the destruction or disturbance by YV of a defence mechanism of host cells, other than that mediated by interferon. Poxviruses interfere with the macromolecular synthesis of the host cell (Kato, Ogawa & Miyamoto, ~964; Kit & Dubbs, I962; Moss, i968; Shatkin, I963) . Further studies are necessary to demonstrate the presence or absence of a hypothetical host defence mechanism and to elucidate the mechanism of enhancement.
